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SCREENS AND METHODS FOR 
DISPLAYING INFORMATION 

FIELD 

This invention relates generally to optical systems for 
temporarily providing information and more particularly to 
?exible, transmissive screens With high ambient light rejec 
tion for use in rear projection systems. 

BACKGROUND 

Rear projection screens transmit an image projected onto 
the rear of the screen into a vieWing space. A rear projection 
screen may be a sheetlike optical device With a relatively 
thin vieWing layer that is placed at an image surface of the 
projector. Examples of rear projection displays are disclosed 
in PCT WO 99/064927, PCT WO 99/13378 and EP 783 133. 

Projection screens are often constructed of rigid materials 
such as glass or a semi-rigid, transparent polymeric material. 
As a result, it is not possible to conveniently roll an 
in?exible projection screen in the fashion that a diploma or 
map may be rolled as it Will damage the screen. Examples 
of a typical prior art rigid projection screens comprise the 
DA series of diffusion screens from DA-Lite. Rigid projec 
tion screens are described in US. Pat. No. 6,163,402. 

Other rear projection optical systems may include a 
fresnel lens and/or a lenticular lens or sheet. Examples of 
such systems are disclosed in US. Pat. Nos. 3,712,707; 
3,872,032; 4,379,617; 4,418,986; 4,468,092 and 4,509,823. 

Front projection systems are also knoWn in the art. They 
comprise a projector designed to project an image on a 
surface (eg the Wall of a conference room or a screen). 
Overhead projectors are an example of a front projection 
system. Rear projection screens provide several advantages 
over front projection screens. With a rear projection screen, 
the presenter cannot cast a shadoW on the image and the 
projection equipment may be hidden from vieW (Which also 
helps mask any acoustical background noise emanating from 
electrical components). Front projection systems have less 
capacity to absorb ambient light than rear projection sys 
tems. 

One knoWn rear projection screen comprises a thin, light 
diffusing layer (frosted or translucent glass) constructed by 
etching, sandblasting or otherWise roughening a smooth 
glass surface. Since the translucent surface scatters light, the 
image is vieWable from a range of vieWing angles. Screens 
that are merely translucent tend to strongly re?ect ambient 
light incident on the front, vieWing side, resulting in fading 
or Washout of the projected image. As a result, this rear 
projection screen is sensitive to ambient lighting conditions. 
US. Pat. No. 4,323,301 discloses a collapsible and por 

table screen assembly that is said to be able to act as a rear 
or front projection screen. The assembly includes an in?at 
able frame and a ?exible sheet of screen material. 

US. Pat. No. 2,378,252 discloses a rear projection screen 
comprising an array of closely packed glass beads associated 
With a transparent support and a light absorbing layer. The 
glass beads perform lens-like functions to collect light 
projected from the rear of the screen and focus it to relatively 
small spots near the area Where the beads contact the 
support. The glass beads contact the transparent substrate 
and thereby exclude most of the light absorbing material at 
the contact area location betWeen the glass beads and 
support. The light absorbing layer absorbs ambient light 
incident on the front surface of the support. As a result, the 
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2 
front side of the screen appears dark, except for the light 
transmitted through the glass beads. 

Rear projection screens With glass beads are also dis 
closed in US. Pat. Nos. 5,563,738 and 5,781,344. Addi 
tional beaded screens and methods of making such screens 
are disclosed in commonly assigned patent applications PCT 
WO 99/50710 and PCT WO 98/45753. 

Televisions are used for advertising in malls, shoWrooms 
and product exhibitions. Many televisions used for this type 
of advertising are permanently installed or very large and 
heavy and, as a result, are not portable. 

Projection systems as opposed to televisions are also used 
for advertising in malls, shoWrooms, and exhibitions. Rear 
projection systems are one such example. They consist of at 
least a projection device (eg LCD) and a rear projection 
screen. Typically, the projector is installed on a ?oor or, 
alternatively, the ceiling. Installation of ?oor or ceiling 
mounted systems requires signi?cant resources. Compli 
cated or time consuming installation procedures contribute 
to the cost of the system. While rear projection systems are 
available that are self-contained units, such self-contained 
rear projection systems typically include bulky frameWork 
and housing elements that render the systems dif?cult to 
reposition. Rear projection systems With large screens also 
tend to be quite heavy, further contributing to dif?culties 
associated With transporting and installing the optical sys 
tem. 

Another rear projection system is capable of providing 
holographic images. An example of such a screen is the dnp 
Holo ScreenTM available from DAINIPPON PRINTING 
Co., Ltd. of Japan or its associated organiZation in Denmark. 
This system includes a thin hologram ?lm laminated to a 
transparent acrylic plate. The hologram ?lm consists of four 
holograms that are tiled together. The hologram ?lm Will 
only respond to light rear projected from thirty ?ve degrees. 
This ?lm is very selective about the direction from Which it 
receives the light, thereby complicating installation. In a 
room With at least some ambient background lighting, this 
screen remains transparent Where there is no projected 
image. 

Other examples of a rear projection screen are the Hitachi 
On-Glass Projection System 40“/60“ and the AirShoTM 40“/ 
60“ Display Projection System, both available from Hitachi 
of Brisbane Calif. A typical screen is constructed from a 
photopolymer resin that refracts light incident at the thirty 
?ve degree angle. A 0.3 pm to 2.0 pm pitch is applied to the 
screen. The screen is transparent and very expensive. A 
permanent adhesive is used to attach the screen to a store 
WindoW. The screen lacks an ef?cient ambient light absorb 
ing layer, hence it is susceptible to Washout in brightly lit 
conditions. As a result, these screens require very bright 
(1700 ANSI Lumen and above) projectors. These bright 
projectors are expensive to purchase. They are also expen 
sive to maintain due to short lamp lives. 
A permanently installed optical system runs the risk of 

becoming commonplace. This is a problem as purchasing 
decisions are often made at the point of purchase. Over time, 
customers that frequent a particular location may take a 
permanently installed optical system for granted. A static 
display can lose its splendor and become less valuable. 

SUMMARY 

The present invention preferably comprises a high 
contrast, high resolution, ?exible, rear projection screen 
along With a removable adhesive Which can be mounted 
easily on a WindoW or any other transparent surface to form 
an imaging surface for a rear projection display. 
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The invention comprises a method of displaying infor 
mation to viewers comprising the steps of providing a 
projector capable of presenting an image, providing a ?eX 
ible screen having a rear surface for receiving light from the 
projector, and a vieWing surface opposite the rear surface. 
Preferably, the screen includes a light absorbing layer for 
rendering the screen substantially opaque in ambient lit 
conditions When no image is projected on the screen by the 
projector. 

The method includes the step of associating the screen 
With a substantially transparent surface such as a WindoW or 
door. For eXample, the method may include the step of 
providing a removable adhesive, a mechanical fastener, 
cling material or other means. 

The method includes the step of selecting a substantially 
transparent surface in a position capable of being vieWed, 
associating the screen on the substantially transparent 
surface, and projecting an image from the projector onto the 
rear surface of the screen to provide the information to the 
vieWers. 

Optionally, the method may comprise the steps of remov 
ing the screen from the substantially transparent surface 
after a time period, and adhering the screen to a different 
substantially transparent surface at a separate location, par 
ticularly When a reusable adhesive, cling material or 
mechanical fastener is used. 

In another aspect, the present invention comprises a 
projection screen for use in an optical system having a 
projector that provides information to vieWers, the projec 
tion screen comprising a ?exible light transmitting substrate, 
light absorbing means associated With the light transmitting 
substrate for controlling ambient light rejection so that the 
screen appears substantially dark in ambient lit conditions 
When no light is projected on the screen from the projector, 
and a removable adhesive associated With the screen to 
releasably adhere the screen in a position associated With a 
substantially transparent surface so that vieWers may vieW 
the screen through the substantially transparent surface. 

Alternatively, the screen may include a mechanical fas 
tener or cling material. Screens Without light absorbing 
layers are also contemplated in particular aspects of the 
invention. Preferably, the screen may be readily manually 
cut to customiZe the shape of the screen. Optionally, the 
screen may include a substantially opaque border. 

BRIEF DESCRIPTION OR THE DRAWINGS 

The invention may be more completely understood in the 
folloWing detailed description of various embodiment of the 
invention in connection With the accompanying draWings, in 
Which: 

FIG. 1 is a schematic side vieW of a ?rst embodiment of 
a rear projection screen according to an aspect of the present 

invention; 
FIG. 2 is a schematic side vieW of a second embodiment 

of a rear projection screen according to an aspect of the 

present invention; 
FIG. 3 is a schematic side vieW of a third embodiment of 

a rear projection screen according to an aspect of the present 

invention; 
FIG. 4 is a schematic side vieW of a fourth embodiment 

of a rear projection screen according to an aspect of the 

present invention; 
FIG. 5 is a schematic vieW shoWing a system for provid 

ing information to potential customers according to an 
aspect of the present invention; 
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4 
FIG. 6 is a How chart of a method of providing informa 

tion to a potential customer according to another aspect of 
the present invention; 

FIG. 7 is a schematic vieW of a generic netWork that may 
be utiliZed in an aspect of the present invention; 

FIG. 8 is a schematic vieW of a netWork that may be 
utiliZed to exchange information With potential customers 
according to another aspect of the present invention; 

FIG. 9 is a block diagram of a computer system useful 
With the present invention; 

FIG. 10 is a side vieW of a housing for use With a projector 
and screen according to an aspect of the present invention; 

FIG. 11 is a perspective vieW of another housing for use 
With a projector and screen according to another aspect of 
the present invention; 

FIG. 12 is a schematic side vieW of another embodiment 
of a rear projection screen according to an aspect of the 
present invention; 

FIG. 13 is a schematic side vieW of another embodiment 
of a rear projection screen according to an aspect of the 
present invention 

FIG. 14 is a schematic side vieW of another embodiment 
of a rear projection screen according to an aspect of the 
present invention; 

FIG. 15A is a perspective vieW of a WindoW shade 
according to another aspect of the present invention; 

FIG. 15B is a schematic side vieW inset from FIG. 15A; 
FIG. 16 is a How chart of a method of advertising during 

non-core business hours according to another aspect of the 
present invention; 

FIG. 17 is a schematic draWing of a screen With a border 
according to another aspect of the present invention; 

FIG. 18 is a schematic illustration of testing assembly 
used to measure contrast; and 

FIG. 19 is a graph of contrast ratio along the y-aXis and 
ambient light (in luX) along the X-aXis. 
The invention is amenable to various modi?cations and 

alternative forms. Speci?cs of the invention are shoWn in the 
draWings by Way of eXample only. The intention is not to 
limit the invention to the particular embodiments described. 
Instead, the intention is to cover all modi?cations, 
equivalents, and alternatives falling Within the spirit and 
scope of the invention as de?ned in the claims. 

DETAILED DESCRIPTION 

Referring to FIG. 5, there is shoWn an optical system for 
displaying information 57 to vieWers 51 according to the 
present invention. The vieWers 51 may be an audience, 
spectators, pedestrians, potential customers, drivers, 
passengers, students, patrons or listeners. The information 
can Warn, entertain, offer, educate, advertise, publiciZe, 
announce, promote, inform or otherWise communicate infor 
mation. 
The optical system 58 includes a screen 52 and projector 

54. The projector 54 presents information 57, such as an 
image, to a vieWer such as a potential customer 51. The 
image may be any suitable form of information such as data, 
video or graphics. 

The information 57 provided to the customer may com 
prise a Wide variety of information useful to communicate to 
a vieWer such as a potential customer. The information may 
comprise promotional, advertising, price, publicity, 
performance, speci?cations, feature, offer, Warranty, rebate, 
or instructional information, or combinations thereof. This 
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list is intended to be illustrative and not exhaustive. The 
present invention is particularly suitable for use With infor 
mation associated With impermanent events (as opposed to 
permanent events), special events (eg a fareWell tour of a 
popular rock band), highly publicized marketing or promo 
tional campaigns, high pro?le proceedings, advertising 
intended to brie?y hype goods or services, ?eeting sales or 
specials, and other transitory events. 

The screen 52 preferably is a ?exible, rear projection 
screen having a rear surface for receiving light from the 
projector 54, and a vieWing surface opposite the rear surface. 
As used herein, When it is said that the screen 52 is ?exible, 
it is meant that the screen may be conveniently rolled in a 
cylindrical fashion Without damaging the screen. By “cylin 
drical fashion”, it is meant a manner that is similar to the 
Way that maps, posters or diplomas are commonly rolled. 

Projection screens are susceptible to loss of image con 
trast due to ambient light incident on the screen. Such 
ambient light effects can be suppressed by various means, 
including the use of refractive elements surrounded by an 
opaque, typically black, matrix of material. In screens of this 
type, the vieWing angle can be varied by varying the 
refractive index of the refractive elements of the screen. 
As used herein, the vieWing angle means the angle at 

Which gain is reduced by 50% of the peak value. To 
determine vieWing angle, screen gain is tested. Gain is a 
measure of screen brightness and a function of vieWing 
angle. It is normaliZed With respect to a Lambertian diffuser. 
To measure gain, a White light source illuminates a White 
re?ectance standard. Its luminance is measured With a 
luminance meter at near normal incidence A screen is 
placed in front of the light source and the luminance is 
measured (on the opposite side of the sample from the 
source) at near normal incidence (L5). The peak gain is 
de?ned as the ratio of LS/LR. 

After the on-axis gain measurement, the screen then 
stepped through a range of angles, a luminance reading 
taken at each position. L _e/LR (Gain) is then plotted as a 
function of angle. The vieWing angle is de?ned as the angle 
at Which the gain falls to one-half its peak value. 
When beaded rear projection screens are used for 

displays, it has been found that in some situations, a Wider 
vieWing angle is desired, While in other situations, a nar 
roWer vieWing angle may be preferred. LoWer refractive 
indices for the beads tend to narroW the vieWing angle, but 
provide a brighter image to vieWers located Within the area 
de?ned by the maximum vieWing angle. For this reason, it 
is useful to be able to provide a variety of different screens 
for different situations. Use of different beads for different 
screens affords this ?exibility in screen design. 

Public information displays are often changed, or 
removed completely, at relatively frequent intervals. As a 
result, components of such displays need to be stored for 
later use, or discarded and replaced at a later time. Since 
storage space is limited, and optical display components are 
subject to damage during handling and storage, it is desir 
able to be able to store such items in a compact and protected 
manner. In a preferred embodiment, screens according to the 
present invention are ?exible. The ?exible screens can be 
rolled up into relatively tight rolls, typically rolls of 6“ or 
smaller inside diameter, so that they can be placed, for 
example, in protective tubes. 
More preferably, the ?exible screen 52 is conformable. As 

used herein, When it is said that the screen is conformable, 
it is meant that the screen readily changes shape to corre 
spond to substantially the shape of a substrate With an 
uneven, irregular or slightly curved surface. 
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6 
The screen 52 should be suitable for use With the projector 

54. AWide variety of projectors may be used With a screen 
in the invention, including LCD projectors, CRT, Digital 
Light Processing Projectors (DLP projectors), D-ILA 
projectors, and plasma projectors. Speci?c examples of 
suitable projectors include Digital Light Processing Projec 
tors available from Texas Instruments DLP Technologies, 
Barco Projection Systems, Epson, Hitachi, JVC, Kodak, 
NEC, Panasonic, Philips, Polaroid, Sanyo, Sharp, Sony, and 
Toshiba. Speci?c model numbers include a Barco 6000 
Series video projector, a Panasonic PT-D 9500 DLP 
projector (capable of providing 10,000 ANSI lumens) and a 
Toshiba LCD Data Projector, number TLP 710. It is also 
contemplated that an overhead projector may be used in 
some aspects of the invention. 
A means is provided to associate the screen 52 With a 

substantially transparent vieWable surface of the location 50. 
The means may comprise an adhesive. The screen 52 
preferably includes a removable adhesive on the vieWing 
surface of the screen 52 although many other embodiments 
of such means are described and contemplated herein. The 
adhesive is designed to adhere the screen to or adjacent the 
substantially transparent surface (eg a WindoW, Wall, 
Windshield, partition, table or door) so that the potential 
customer 51 may look through the WindoW and see the 
screen 52. 

The adhesive is preferably an optical adhesive. As used 
herein, the phrase “optical adhesive” means an adhesive that 
alloWs a vieWer to see through the adhesive Without sub 
stantial degradation of the image quality or light transmis 
sion. It is also contemplated that the adhesive could be a 
diffuse adhesive or a tinted adhesive. Preferably, the adhe 
sive optically couples the screen to the transparent surface 
Without substantial degradation of the image quality or light 
transmission. 
The adhesive is preferably a removable adhesive as 

opposed to a permanent adhesive. As used herein, the phrase 
“removable adhesive” means an adhesive that is designed to 
afford a temporary, secure attachment of the screen 52 to the 
transparent surface While affording convenient, manual 
removal of the screen 52 from the transparent surface 
Without damaging the transparent surface or resulting in 
excessive residue or adhesive transfer from the screen to the 
transparent surface. Examples of removable adhesives are 
disclosed in US. Pat. Nos. 3,691,140; 4,166,152; 4,968,562; 
4,994,322; 5,296,277 and 5,362,516 (the entire contents of 
Which are herein incorporated by reference). In contrast, a 
permanent adhesive Would permanently adhere the screen 
52 to the transparent glass and render it very dif?cult to 
remove from the WindoW Without damaging the WindoW. 
Preferably, the removal force for removing a screen from a 
glass WindoW Would be betWeen about 20 grams to about 5.0 
pounds force per lineal inch, more preferably, the removal 
force for removing a screen from a glass WindoW Would be 
about 0.5 to about 2.0 pounds force per lineal inch. 

Optionally, the adhesive may be a reusable adhesive. As 
used herein, the phrases “reusable adhesive” or “reposition 
able adhesive” mean an adhesive that i) affords a temporary, 
secure attachment of the screen 52 to the transparent surface 
While affording convenient, manual removal of the screen 52 
from the transparent surface Without damaging the transpar 
ent surface or exhibiting excessive adhesive transfer from 
the screen assembly to the transparent surface, and ii) then 
affords subsequent reuse of the screen (eg on another 
transparent surface). 
The adhesive preferably covers substantially all of the 

vieWing surface side of the screen to provide uniform optical 
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coupling of the screen to the WindoW. In such instances, it 
may be useful to use an adhesive With special features to 
address the problem of entrapped air betWeen the screen and 
substrate. Suitable adhesives are believed disclosed in US. 
Pat. No. 6,197,397 and PCT Publication No. WO 00/56556 
(the entire contents of both of Which are incorporated by 
reference). 

Alternatively only portions of the vieWing surface of the 
screen 52 may be coated With the adhesive. Those coatings 
may be striped, triangular, polymeric or another pattern. 
While the adhesive is preferably an optical adhesive, it 
should be noted that non-optical adhesives may be used, 
particularly When the adhesive does not cover the entire 
surface of the screen. For example, With large screens Where 
small imperfections in the screen may not be as apparent to 
a vieWer, a feW imperfections resulting from a non-optical 
adhesive may be more easily tolerated. An opaque adhesive 
may even be used as a border to help expedite installation of 
the screen as described in more detail beloW. 

It is noted that the adhesive may comprise a stretch release 
adhesive assembly mounted in strategic positions (eg the 
four corners) of the screen. Asuitable example is believed to 
be any of the Command series of adhesive products, gen 
erally available from Minnesota Mining and Manufacturing 
Co. of St. Paul, Minn. The stretch release adhesive assembly 
need not be clear, but it nevertheless provides removable 
screen. 

The screen 52 may be placed on any substantially trans 
parent surface as long as it is in a position capable of being 
vieWed by the potential customer 51. The substantially 
transparent surface may comprise exterior or interior doors 
or WindoWs or any other transparent surface at a location 50. 
It Will be appreciated that the transparent surface may be 
someWhat opaque. For example, the surface may comprise 
a tinted, dirty or colored WindoW, or it may comprise a 
WindoW that has a Wire pattern embedded in the glass. For 
a WindoW With framing or other opaque portions, it is 
possible to manually cut a ?exible screen 52 during instal 
lation to customiZe it for use With a particular shape of a 
WindoW. 

The screen 52 is preferably placed in high traffic areas 
such as airports, train stations, highWays, banks, shops, 
cafes, ports, malls, shopping centers, trade shoWs, sports 
centers, convention centers, entertainment complexes, pubs, 
roads, grocery stores, entertainment centers, restaurants, 
securities companies, bars, nightclubs, bistros, retail outlets, 
auto dealerships, markets, convenience stores, CD stores, 
entertainment pavilions, bike trails, travel agencies, banks, 
bookstores, hardWare stores, Warehouses, franchises, tourist 
attractions, and trading exchanges. 

The screen 52 is preferably releasably adhered to the 
WindoW in a removable fashion. As used herein, When it is 
said that the screen is releasably adhered to a substantially 
transparent surface (eg a WindoW) in a removable fashion, 
it is meant that the screen may be conveniently manually 
removed from the WindoW Without substantially damaging 
the WindoW or adjacent surfaces. 

The removable feature of the screen 52 renders it par 
ticularly useful for providing information to potential cus 
tomers temporarily or during a predetermined time period. 
For example, an automobile dealership may Wish to tempo 
rarily display advertising during a short time period to 
promote a ?eeting bargain and generate excitement With 
consumers. Alternatively, a neW place of business may Wish 
to attract attention to a grand opening sale. In another 
embodiment, a centrally managed business may desire to 
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8 
engage in a transient marketing program designed to tem 
porarily promote a good or service. 

The screen 52 may optionally be a disposable screen. For 
example, beaded screens are typically much less costly than 
a holographic screen. As a result, it may be convenient for 
a user to simply dispose of the screen 52 after use. Another 
advantage of a beaded screen is that a ?exible beaded screen 
may be conveniently tiled together to create a large format 
screen (e.g. greater than 100 inches in diagonal) Without 
encountering the di?iculties associated With attempting to 
tile together large area rigid screens. 
A business may desire to provide uniformity in some of 

the elements of the information (eg a marketing program) 
including the timing and content of the program. For 
example, a copyright oWner (eg from the entertainment 
industry) may grant a temporary license to use copyrighted 
video images to business 50 for use during a predetermined 
time. The business may Wish to prevent any replay of that 
video after a predetermined time in order to comply With the 
agreement With the copyright oWner. The present invention 
alloWs the screens 52 to be removed after that predetermined 
time to prevent display of the images. 

Another embodiment of the invention illustrates that the 
time period need not be a predetermined time period. For 
example, a retail store may Wish to promote certain inven 
tory for a period of time until the inventory is depleted. The 
screens of the present invention may be installed during the 
unknoWn or uncertain duration of time needed to deplete the 
inventory. While the duration of the time period is uncertain, 
it is nonetheless a temporary time period. 

Referring noW to FIG. 10, the present invention is par 
ticularly suitable for use With an optical system that includes 
a projector 153, frame 154, optional mirrors 152 and screen 
151. While the illustrated optical system 150 include tWo 
mirrors 152, it is noted that the optical system according to 
the present invention need not include a mirror (such as the 
single lens projector shoWn in FIG. 7 and discussed in 
greater detail beloW). 
The projector 153 projects an image toWard screen 151. 

The screen 151 has a rear side that receives light originating 
from projector 153 and a front side or vieWing side. The 
screen is temporarily attached to a substantially transparent 
surface such as WindoW 156. In use, the vieWer looks at the 
WindoW 156 to see the image provided by the optical system 
150. 
The projector 153 and mirrors 152 may be pre-installed in 

the frame 154. This alloWs the projector 153 and mirrors 152 
to be pre-assembled at a remote, centraliZed location such as 
a Warehouse or factory. In this embodiment, to install the 
optical system 150 at a place of business (eg 50 in FIG. 5), 
the user Would merely need to adhere the screen 151 to a 
WindoW and then position the frame 154 proximate the 
WindoW, thereby even further simplifying installation and 
removal at the location 50. 

In a preferred embodiment, the screen 151 comprises a 
rear projection screen such as a beaded screen. Other screens 

are also contemplated for use With the present invention 
including diffusion screens. For example, the optical system 
may include a fresnel lens and/or a lenticular lens or sheet 
as described in or constructed in accordance With US. Pat. 

Nos. 3,712,707; 3,872,032; 4,379,617; 4,418,986; 4,468, 
092; 4,509,823; 4,576,850 and 5,183,597 (the entire con 
tents of Which are herein incorporated by reference). Screens 
that use signi?cant refraction to achieve a desired vieWing 
angle are preferred. 

Referring noW to FIG. 11, there is shoWn another embodi 
ment of optical system 160 for use in the present invention. 
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The optical system 160 includes a projector 161, one mirror 
162, an adjustable frame and stand system, and screen 165 
adapted to be associated With a WindoW 164. 

The adjustable frame and stand system accommodates the 
use of different projectors 161 in the system. For example, 
an on-axis projector may be used With a ?rst promotional 
campaign. Thereafter, the on-axis projector may be replaced 
With an off-axis projector for a second promotional cam 
paign having different video requirements. 

Referring noW to FIG. 1, there is shoWn a ?rst embodi 
ment of screen 10 according to the present invention. The 
screen 10 has a front side or vieWing side closest to a vieWer, 
and a back side opposite the vieWing side. 

The screen 10 has a plurality of refractive elements 14 
(e.g., glass beads), a light transmitting substrate 16, and a 
light absorbing layer 12. The plurality of refractive elements 
14 are preferably situated in substantially predetermined 
positions With the understanding that manufacturing and 
cost limitations may limit the precision of the placement. For 
example, the refractive elements 14 may be placed in an 
array, a closely or loosely packed arrangement. 

The light absorbing layer 12 may be coated on or asso 
ciated With the light transmitting substrate 16. The light 
absorbing layer 12 helps controls ambient light rejection for 
the optical system of the present invention. The screen 10 
supplies excellent contrast characteristics even in high ambi 
ent lighting conditions. 

Ambient Light Contrast Ratio 

As used herein, ambient light contrast ratio (ALCR) 
means a ratio of the brightness of a White image to a black 
image and depends on the ability of a screen to absorb the 
ambient light. FIG. 18 illustrates a testing assembly 290 for 
measuring ALCR. 

The assembly 290 comprises tWo collimated tungsten 
light sources 294 and 292 (eg Fostec DCR II DC regulated 
sources With DDL lamp & iris), a screen sample holder 296, 
an image target 295, an illumination meter (eg a Minolta 
Illumination meter), a CCD camera (eg a Kodak Megaplus 
ES 1.0 CCD Camera), and a computer system equipped With 
a frame-grabber and softWare (e.g. Image Pro Plus) to 
acquire the image. Optionally, the light source 292 need not 
be collimated. 

The collimated tungsten light source 294 is placed 
approximately 450 mm from the sample holder 296, the 
sample holder 296 is placed approximately 76 mm from the 
collimated tungsten light source 292. The CCD camera 297 
is placed approximately 125 mm from the sample holder 
296. 

The ALCR test is performed under no ambient illumina 
tion from the room. Using an illumination meter the ambient 
light level on the vieWer side is set to the desired level by 
light source 292. In this test, the ambient light level is set at 
500 lux. The screen 295 under test is placed in the sample 
holder 296. A 1 mm thick chrome test target 295 about 50 
mm Wide With a series of rectangular apertures (nominally 
1 cm squared, length approximately 10 mm) is then placed 
against the screen under test (against the light source side). 
The CCD camera is focused on the pattern of White and 
black lines and the transmitted light level is set to the desired 
level. Light of about 75 candelas/meter squared is projected 
from the light source 294. The projected image is captured 
and the intensity is scanned. A series of ?ve measurements 
may be taken (all four corners and the center of the screen). 
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10 
The Ambient Light Contrast Ratio is calculated from the 
ratio of the average intensity of the White image over the 
average intensity of the black image. 

Luminance of White Image (LW) 
C I I R I‘ = i 
on ras a 10 Luminance of Black Image (LB) 

Beaded screens are particularly suitable for use in the 
present invention as they provide excellent contrast perfor 
mance in high ambient light conditions. FIG. 19 is a graph 
300 of the contrast ratio to ambient light of a typical beaded 
screen. The screen comprises an XRVS Beaded Screen 
available from Minnesota Mining and Manufacturing Com 
pany of St. Paul, Minn. Preferably, for ambient light of about 
500 lux, a screen according to the present invention provides 
an ALCR of greater than about 25, more preferable the 
ALCR is greater than about 50 and more preferably greater 
than about 75. 

Referring again to FIG. 1, the light absorbing layer 12 
may be opaque or substantially opaque. The absorbing layer 
12 preferably comprises one or more of a poWder coating of 
carbon black, a black dye, an opaque particle, an organic or 
inorganic pigment or particle, or such a particle dispersed in 
a binder material. They may be of a Wide variety and shapes. 
The material may be dispersed in a liquid or solid binder 
system. In one embodiment, the absorbing layer 12 com 
prises a clear binder having black particles dispersed there 
through. The binder may comprise, for example, an acrylate 
or other UV curable polymer. The absorbing layer 12 may be 
applied by a conventional technique such as a coating 
process or poWder coating. 

The refractive elements 14 may be constructed from glass 
or polymeric materials. Suitable examples include glass or a 
transparent plastic material. The beads and construction of 
such screens may comprise the teachings disclosed in com 
monly assigned patent applications PCT WO 99/50710 and 
PCT WO 98/45753, and US. patent application Ser. No. 
09/560,267 ?led Apr. 26, 2000 entitled “Rear Projection 
System With Reduced Speckle”; and Ser. No. 09/717,598 
?led Nov. 21, 2000 entitled “Optical System With Reduced 
Color Shift” entitled “Projection Screens and Methods For 
Making Such Projection Screens” (Inventors: Geoffrey Mor 
ris and Jim Stevenson) and US. Pat. No. 6,204,971 (the 
entire contents of each of Which are herein incorporated by 
reference). 
Beaded screens afford exceptional contrast and vieWing 

angle that alloW a bright, sharp picture to be vieWed at Wide 
angles While minimiZing any losses in image quality due to 
Washout from sunlight or room lighting. Beaded screens 
may be constructed to provide substantially symmetric hori 
Zontal and vertical vieWing angle and gain characteristics. 
This may be particularly useful for large screens used in 
multilevel locations (such as shopping malls) Where a person 
located on a level above or beloW the screen may Wish to 
vieW the screen. Also, beaded screens may be constructed to 
be ?exible so that they can be easily mounted to any rigid, 
transparent surface minimiZing surface re?ection losses that 
might be present With a conventional rigid rear projection 
screen. 

The refracting elements 14 are preferably transparent, 
spherical, refracting beads seated in an absorptive, high 
optical density transparent polymer matrix. The beads are 
preferably in intimate contact With the transparent binder 
material. The beads preferably have a refractive index 
betWeen about 1.2 and 1.9. Preferably, the spherical beads 
have an average diameter of greater than about 20 pm and 
less than about 400 pm, more preferably, the average diam 
eter is betWeen greater than about 40 pm and less than about 




















